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@ l io tho d of terming on Improved hydr opb lBc coating on a potyreer suitace. 

@ A mettiod of forming an improved hydrophSic coating tjy 
applying a norwractive hydrophSic potyrner surface layer wfth 
an osmolality increasing compound to produce a more stable 
hydrophlfic surface and to produce a more slippery surface in 
wet cortdttton. The potyrner surface layer Is treated with a 
solution having above 2^ (watgtit to volume) of an osmolality 
inereasing compound and then the solvent of the solution is 
evaporated. Osmolality trwreasing compounds are nontoxic 
organic or unorganic salts other then trihalogenlds, mono- or 
iSsacchartdes or sugar alcohols. Preferred compounds are 
glucose, sorbito!. sodium chloride, sodium citrate, sodium 
bertsdate. calcium chloride, potassium chlorkte. potassium 
iodide, potassium nitrate. The sotutton of the osmolafity 
increasing compound contains preferably a polymer. Medical 
articles treated with the solution of osmolality Irtcreasing 
compounds according to the method atxjve also relate to the 
tnvantion. 



ui 



Bunaesoruckaral B«ftn 



> 



0217 77i 

Dsscriptlon 

Method of formtng an Improved Hydrophllic Coating on a Polymer Surface 



Field of the Invention 

5 This invention relates to a method of coattng a hydrophBic polymer surface layer with an osmotetity 
increasing compound to produce a more stable hydrophSlc surface as well as medical articles being coated 
writh said Improved hydropMltc coating. 

Background of the invention 

10 A hydrophific coating having a much lower coefficient of friction in wet condition than in dry condition. Thus« 
the formation of hydrophliic coating on substrates has many applications but in particular is most desirabie in 
rrany biomedical applications. For example, biomedical appiications such as wound drains, catheters, surgical 
tools and other medical instruments intended to be entered In ttie body cavities, because ttte instrumem gives 
a good hand grip in dry concStion while simuttaneously becoming very sQppery when It gets In contact with 

75 water-based liquids, and thus can be inserted easily without causing trouble to the patient Further, an article 
having a hydrophiOc surface coating is desiiBble to minimize thrombosis, crystal fcmnatlon, tissue trauma, 
tissue adhesion to medical ^ruments. and foreign body reactions. In prior art methods, surfeoes have been 
rendered hydrophllic by such methods as high energy radiation bn ^tu polymerization processes, by grafting, 
by forming tnterpotymer network or by direct chemical bonding, for instances by isocyaimtes or sSanes. Such 

20 hydropMlic polymer surfaces for mecScal use are described for instance in GB 1 600 963, US 4 373 009. US 
4 459 317, WO 83/03977 and European Patent ^pilcatton 83850090.8. Extensive studies indicate, however, 
that the tiydrophHtc coating can be dried out thus rendering the arttete insufflciently hydrophllic. 

Description of the Inventton 

25 The object of the present invention is to prepare an improved hydrophHic coatirtg on an already liydrophiBc 
polymer surface layer on a substrate. This object of the invention has surpri^ngty been achieved by applying a 
solution of an osmolality increasing compound to a non-reactive hydrophllic polymer surface layer and then 
evaporating the solvent of the 8olutk>n. 
WhDe experimenting with hydropNQc polymer coatings on various substrates ttie applicant found that when 

30 an article coated with a hydrophllic poiymer surface teyer is dipped In water It mW be well wetted but there is a 
great risk that the polymer surface lose its water when it comes in contact with a mucous membrane or 
suchQke. This depends on the difference in the osmotic potential between the hydrophllic surface and the 
mucous membrane. The mucous membrane has a higher osmotic potent^ that is a higher salt concentration 
trmn the hydrophllic surface, which results In that the water goes from the hydrophliic surface layer to the 

35 mucous membrarte so that the cflfference in the salt concentration wfll be countert>alanced. 

According to the invention it has surprising been found possible to further reduce Vr\Q low frictkm of the 
hydrophlUc surface and to enhance the osmolality of the hydrophilk^ surface simuitaneousfy t3Fy applying a 
coatir^ of an osmdalrty Increasir^ compound to the hydrophllic polymer surface layer. Different types of 
osmo^ity increasing compounds can l>e used such as Inor^nlc or organic salts, mono- or dsacc^tarkies or 

40 sugar alcohols. Examples of such osmotaiity increasing compounds are glucose, sorisitol. sodium chk>ride. 
sodium citrate, sodium bensoate. calcium chloride, potassium chtonde, potassium iodide, potassium nitrate. 
This osmolality increasing compound must be non-tO)dc. The process iias found to be especially useful for 
sodium chk)ride. The osmolality tricreaslrtg compound may be mixed with a polymer and dissolved In water or a 
lower alcohol, preferably in water to a suitable viscosity. Said solution Is eppUed to the hydrophflic polymer 

45 surface layer by dipping, spraying or the like and then the solvent Is evaporated by air drying or by drying at 
elevated temperature. The added polymer ought to be wen compatible with the polymer In the polymer surface 
layer, preferably the same polymer. The polymer is not a necessary additive to the solution but it enhances the 
viscosity and that the reception of the osmolaiity Increasing compound can be contrdied. Furttier, the 
polymer possesses a lubricating property and a controlled release effect. 

so The process according to the invention can be used for coatlr\g many different types of welMoiown 
hydrophlik: polymer surfaces, wherein the hydrophHic polymer is selected from polyvinyl compounds, 
polysaccharides, polyurethanes, polyacryiates or copolymers of vinyl compounds and acrylates or ahhydrtdes. 
EspeciaBy polyettiyleneoxide. poiyvlnytpyrrolldone, heparin, dextran, xantan. polyvinyl alcohol, hydroxy propyl 
cellulose, methyl cellulose, copolymer of \4nylpyrrondone and hydroxy etiiyimethyl acrylate or copolymer of 

SS poiymethyhnnyl ether and maieinic acid aniiydrtde. The preferred hydrophBtc polymer is polyvinyl pyrroQdorw. 
The polymer surface layer must be made nort-reactive for Instance by curing. 

The substrates may t>e any polymer material, which are weB-known to use and to which the said hydrophlik: 
polymers adhere, such as polyurethanes. latex rubbers, other rubbers, polyvinylchloride, other ^nyl polymers, 
polyesthers and polyacryiates. 

60 The hydrophiBc surface contains an appreciable amount of partly freely movable polymer chains. Thus it has 
been shown that some coating can complex-isind a substantial amoum of elemental iodine, which is for 
example the case with free polyvinylpyrrondone and todine when a hydrophDic surface of polyvinyipyrroUdone 
is treated with a Kl/la solution. PVP-coated catheters treated with a Kl/ia solution have a less sfippeiy surface 
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than corresporufing untreated surface and such Kls-treated catheters dry more quickly. 

Exampte. A trimarized hexamethylene cRIsocyanate of biuret type (named Desmodur L 2291 : Bayer AG) was 
dissolved in methytene chtoride to a concantratlon of 6P/b (weightA^me). A urinary PVC catheter was dipped 
tn ttils solution during 30 seconds. The cattwter was then dried at 70* C during 60 s^XMids. whereupon it was 
dipped during 5 seconds in a solution containing 33 g polyvinytpyrro<tdone (K25; mean molecular weight 5 
25 000) per 100 m) mettrytene chtoride. This solution also contaii^ 0.33 g tnetttylene diamine (DABCO^ per 
100 ml solution. The catheter was ttien aOowed to dry at ambient temperature during 60 seconds, then cured 
during 40 minutes at 70"^ C, cooled to ambient temperature and was then rinsed in water. Such a catheter was 
dipped in a solution containing 20<^ (weight/volume) so^um chloride and 5f¥o potyvinytpyrroltdone (PVP) 
(weight/volume) dissolved in water during 1 hour at 20** C. The catheter was ttien allowed to dry at TO^'C during 10 
eight hours. The catheter has a very slippery and adherent surface when wet. 

Experimental test 

A number of catheters according to ttte examples were dipp^i in different solutions comprising osmolality 
toicreaslng compounds during 10 minutes and were then placed In water during 30 seconds at 23^C and a is 
relative humidity of 49fVo and then dried at room temperature. The stipperiness was noticed 1 mln.. 2 min. etc. 
after already begun drying. The value of aSpperiness was noticed in a relative scale, wtmrein 8 means a very 
altppery surface and 0 means a dry surface. 

This experiment was repeated with a numtier of corresponcfing PVP-coated catheters but without the 
coating of osmolality Increaang compound. 20 



Table 1. 

PVP-coated catheter treated with Slipperiness after drying 

foil owing solutions. 0 min 1^ 1. 2 
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15% Glucose + 5% PVP 
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30X Sorbitol + IX Keltrol® 
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Keltror^is a xanthan gum; Ke1co Co. ^ 



Result 

The table 1 shows that the catheters having a coating of a non-toxic, osmolality increasing compound retain so 
their slipperiness for a longer time than the corresponding untreated surfaces i.e. the coated catheters dry 
more slowly. The o^nolality increasing compounds prevent the hydrophilic polymer surface to desiccate. 

Thus, catheters applied with an osmolality increasing compound such as sodium chloride according to the 
invention dry more slowly than corresponding untreated cathetere. The sodium chloride treated catheter 
keeps Its slipperiness a much longer time period, which is very desirable. 55 

Medical tests show that the cathetere applied with a coaling of a osmolafity Increasing compounds such as 
sodium chloride are superior both at the insertion and at ttie removal of the catheter in urethrea. 
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1 . A method of forming on a non-reactive hydrophilic polymer surface layer bound to a substrate an 
improved hydrophilic coating which has a very low coefficient of friction when wetted with a water-based 
liquid characterized in treating said polymer surface layer with a solution having above 2<Vb (weight to 65 
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volume) of a non-toxic organic or unor^tc saft other than a trihak^enSde such as Kia (Kt/la). a mono- or 
disacchartde or a sugar alcohol and then evaporating the solvent of the solution. 

2. A method accorcSng to claim 1 in which the compound In the solution is selected from the group 
consisting of glucose, sorbitol, sodium chloride, sodium citrate, sodium benso^e, calcium chloride, 
potassium chloride, potassium todtele or potassium nitrate. 

3. A method accorcSng to claim 1 in which the compound of the solution is selected from the group 
consisting of glucose, sodium chloride, sodium citrate, socflum bensoate. calcium chloride, pdasalum 
chloride, potassium iodide or potassium nitrate. 

4. Amethod according to claim 1 in which ttte solution contains a polymer, prafaratMythe same polymer 
as in the potym^ surface layer. 

5. A method according to claim 1-4 in %vhich the solution having about AWb to about ACMi (weight to 
volume) of socfium chloride. 

6. A method according to claim 1 tn which the polymer surface layer is cured. 

7. A method according to datm 1 tn wftich ttte polymer surface t&^r to be coated comprtees a polymer 
selected from the group consisting of potyethyfeneoxide, polyvinyl pyrrolidone, polyvbiyl compounds, 
polysaccharides, potyunattmnes, poiyamylat^ or copolymers thereof. 

8. A method according to claim 1 in which the polymer surface layer comprtetng of polyvinyl pyrrolidone 
and in treating with a solution ha\ing 20^^ (weightAn)lume) of sodium chloride. 

9. A medical article having a very low coefftdent of friction wt^en wetted with a water-based liquid which 
comprises: a substrate, a non-reactive hydrophQlc polymer layer on said substrate, and an evaporated 
coating of a non-tOMc organic or unorganic salt other than a trihalogenlde such as Kls Wflz), a mono- or 
disaccharide or a sugar alcohol on the thus hydrophillc polymer layer. 

10. A medical article according to daim 9, in which the evaporated coating consists of glucose. 8ort>ltol, 
sodium chloridSt sodium citrate, sodium bensoate. calcium chloride, potassium chloride, potas^um 
iodide, or potassium nitrate. 

11 . A mecfical article according to dalm 9. in which the evaporated coating consists of Q^ucose, sodium 
chloride, sodium dtrate, sodium bensoate, calcium chloride, potasdum c^ride, potassium Iodide or 
potassium rArate. 

12. A medics^ aoticle according to claim 8 characterized in that It oorr^ses a catheter. 

13. A medical article according to claim 12 which is a urirury catheter. 
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